Depositional Environments of Siliceous Laminites in the Laney Member of the Green River Formation, Sublette County, Wyoming by Rasmussen, Michael G.
Loma Linda University 
TheScholarsRepository@LLU: Digital Archive of Research, 
Scholarship & Creative Works 
Loma Linda University Electronic Theses, Dissertations & Projects 
9-1983 
Depositional Environments of Siliceous Laminites in the Laney 
Member of the Green River Formation, Sublette County, Wyoming 
Michael G. Rasmussen 
Follow this and additional works at: https://scholarsrepository.llu.edu/etd 
 Part of the Geology Commons 
Recommended Citation 
Rasmussen, Michael G., "Depositional Environments of Siliceous Laminites in the Laney Member of the 
Green River Formation, Sublette County, Wyoming" (1983). Loma Linda University Electronic Theses, 
Dissertations & Projects. 1015. 
https://scholarsrepository.llu.edu/etd/1015 
This Thesis is brought to you for free and open access by TheScholarsRepository@LLU: Digital Archive of 
Research, Scholarship & Creative Works. It has been accepted for inclusion in Loma Linda University Electronic 
Theses, Dissertations & Projects by an authorized administrator of TheScholarsRepository@LLU: Digital Archive of 
Research, Scholarship & Creative Works. For more information, please contact scholarsrepository@llu.edu. 
Abstract 
DEPOSITIONAL ENVIRONMENTS OF SILICEOUS RHYTHMIC 
LAMINITES IN THE LANEY MEMBER OF THE GREEN 
RIVER FORMATION, LINCOLN AND SUBLETTE 
COUNTIES, WYOMING 
by 
Michael G. Rasmussen 
Siliceous shales of the Laney Member of the Green 
Riv.er Formation are exposed in outcrops around Fontenelle 
Reservoir in the northwest co rner of the Green River 
Basin, Wyoming . An analysis of these shales is important 
to an understanding of the origin of laminites in the 
Green River formation . The shales are rhythmic, varve -like 
laminites, composed of quartz, authigenic potassium feldspar , 
dolomite, and zeolite minerals. The association of these 
minerals suggest that the original sediment contained 
significant amounts of volcanic ash, and were deposited 
in .a .shallow, near-shore, oxygenated saline - alkaline 
lake environment, as inferred from (1) the asso ci ation 
of stromatolites , mud-cracked dolomicrites and ostracodal 
micrite, (2) fossil occurrences of Knightia (He rring-type 
fish) and Equisetum (horseta il), Astephus (c atfish ) , 
Amyzon (sucker ) and (3) presence of dolomite and aragonite. 
The excellent preservation of these mineral-organic 
laminites and the fossils they contain (Knightia, Astephus, 
·and Amyzon) in shallow-water, near-shore sediments is 
problematic for the stratified-lake model. Fish buried 
by sediment in an oxygenated environment would not exhibit 
complete preservation if exposed to aerobic decay for 
extended periods. Preservation in this environment is 
predicted only under conditions of rapid deposition and 
burial. Near-shore sediments, volcanogenic minerals, 
low kerogen content, and excellent fossil-fish preservation 
indicated rapid sedimentation in a near sh6re, oxygenated, 
saline environment that is consistent with the playa - lake 
model. 
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INTRODUCTION 
General Statement 
The Green River Formation, deposited in and adjacent 
to Eocene Lake Gosiute in the Green River Basin of south-
western Wyoming, is well known for its excellent preser-
vation of fossil fish and its economically significant 
deposits of trona and oil shale (Culbertson, 1971; Deardorff 
and Manion, 1971; Smith, 1974; McGrew, 1975). The oil 
shale occurs predominantly as alternating kerogen-poor 
calcimicrite or dolomicrite laminae and kerogen-rich 
laminae. These laminae have been interpreted as nonglacial 
varve sequences (Bradley, 1931; Bradley and Eugster, 
1969) . In these interpretations carbonate laminae de-
position was controlled by seasonal fluctuations of pH 
and temperature in the mixolimnion of a meromictic lake . 
Since the early seventies Lake Gosiute has been re-
interpreted as a playa-lake (Eugster and Surdam, 1973; 
Bradley, 1973; Wolfbauer and Surdam, 1974; Eugster and 
Hardie, 1975; Surdam and Wolfbauer, 1975; Buchheim and 
Surdam, 1977; Buchheim, 1978; Stanley and Surdam, 197 8 ; 
Surdam and Stanley, 1979) . In the playa - lake model 
deposition o f carbonate minerals was controlled by season-
a l precipitati o n of calcite, periodi c influx o f cal c ium -
1 
rich water, and sheet-flood transport of mudflat-generated 
dolomicrite into a shallow, alkaline-saline lake that 
was often subjected to periods of intense evaporation. 
Objectives 
One of the questions raised by the playa-lake model 
concerns the origin of sediments that form rhythmic lam-
inations ; are they washed-in as detrital particles (alloch -
thonous) or are they all precipitated in place from the 
water column (autochonous)? It is the purpose of this 
paper to address this question by describing the occur -
rence and the depositional environment of a particular 
sequence of siliceous, rhythmic laminites in a near-shore 
facies of the Laney Member of the Green River Formation. 
For many years work has been done o n laminated sediments, 
but no one has addressed the problem of how kerogen - poor, 
fossiliferous and siliceous laminites can be preserved 
in near - shore shallow-water environments. This paper 
will attempt to fill that gap by discussing the problem 
in the context of specific depositional environments 
and processes, as indicated by sedimentary structures, 
paleontology, and stratigraphic context of siliceous 
laminite s. 
Previous Work 
In 1929, Wilmot Bradley published an important study 
o n the varves and cli mate of the Green River Fo rmati on 
2 
(Bradley, 1929). In this paper he developed a model 
for rhythmic laminite deposition in a deep, chemically 
stratified lake. His model was based on comparison with 
modern lacustrine, rhythmic sediments and on thickness 
calculations of expected annual deposition in a closed 
hydrographic basin. Many modern lake sediments (Bradley, 
1929) are characterized by dark, organic -rich laminae 
alternating with lighter, carbonate-rich, organic-poor 
laminae . All are forming in alkaline lakes that have 
a stagnant, dense , poorly-oxygenated hypolimni o n separated 
from the oxygenated, warmer, lighter mixolimnion by a 
c hem / thermocline. Bradley concluded that the similar 
laminated oil shales of the Green River Formati on must 
have been deposited in a similar environment . This en -
vironmental model has since become known as the stratified-
lake model (Bradley and Eugster, 1 969 ). 
3 
According to the stratified-lake model, summer increases 
in the temperature of lake water have the effects of 
favoring the growth of algae and decreasing the partial 
pressure of co2 . This second effect is enhanced by the 
incre ased co2 uptake of lake biota (especially phyt o -
plankton) which also raises the pH and results in the 
precipitation of calci um carbonate. That this seasonal 
precipitation of calcite occurs commonly in inland lakes 
is well documented (Kelts and Hsu, 1979) . Bradley (1929) 
theorized that, in accordance with Stokes Law , the pre-
cipitated calcite would be deposited before the organic 
material, since calcite particles are smaller and 
more dense . An organic - poor calcite lamina would thus 
form on the lake bottom prior to the ac~umulation of 
organic detritus, which would occur late in the fall, 
when temperatures decrease and the biota begin to die . 
Winter temperatures would reve r se the effect described 
above . Concentration of co
2 
would increase, pH would 
decrease and solubility of calcite would increase. Winter 
and early spring would thus be characterized by a hiatus 
in deposition of calcite. These seasonal pulsations 
in organic growth, calcite precipitation, and organic 
deposition account for the kind of lamination observed 
in the bottom sediments of many modern stratified, alkaline 
lakes (Kelts and Hsu, 1979; Kirkland and Anderson, 1960) . 
One of the aspects of the Green River Formation which 
requires explanation by any model is the excellent preser -
vation of fossil fish, unequalled in the world. Bradley's 
model addressed this problem by describing the hypolimni o n 
as a virtually anoxic environment hostile to the kind 
o f benthos which would otherwise disrupt l aminae and 
consume dead fish. McGrew (1975) claimed that the frequency 
distributi o n of disarticulation stages in f o ssil fish 
quarried fr o m the Fo ssil Butte Member of the Green River 
F o rmation matches t he theoretical pattern, in which algal 
4 
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blooms in August/September are associated with mass mor-
tality of fish. The fish are then covered by precipitated 
calcite that is also associated with the blooms. According 
to McGrew, the closer to the algal bloom season the fish 
dies and sinks to the bottom, the less it will disarticulate. 
Although he does not answer the question of how a thin 
( .001-.01 mm) lamina of calcite could prevent the disartic-
ulating activity of anaerobic bacteria, the disarticulation 
pattern of the fish is supportive of the deep stratified-
lake model. 
The model is not consistent, however, with work done 
by Smith (1975) who developed a geochemical model for 
the authigenic origin of oil shale minerals in a stratified 
lake. The hypolimnion waters above the sediment-water 
interface in Smith's model were extremely caustic and 
would have digested any organic material, including fish 
that sank to the bottom. This is co ntrary to Bradley's 
(1948) hypothesis that the anoxic hypolimnion waters 
would insure the preservation of the fish that sank into 
i t . 
The stratified lake model describing the o rigin of 
oil shale in the Green River Formation was generally 
accepted and unchallenged for many years. It was refined 
in a 1969 paper by Bradley and Eugster in which they 
described Green River Formation trona deposits and assoc-
iated minerals in terms of a deep, permanently-stratified 
lake. 
In 1973, however, Eugster and Surdam published a 
reinterpretation of the depositional environment of the 
Green River Formation, based on several features of the 
rocks that were not accounted for by the stratified-lake 
model. Bradley (1973) supported this revision. The 
problems cited by Eugster and Surdam had to do with several 
features of oil shale, particularly in the Wilkins Peak 
Member. This member contains many evaporative sequences 
and most of the oil shale in it is dolomitic. It is 
believed to have been deposited during a very low stand 
of ancient Lake Gosiute (Wolfbauer and Surdam, 1974) . 
Two of the most important problems cited concerned 
++ ++ ++ 
Ca and Mg supply and Mg dominance. Dolomite partings 
in trona deposits and the common occurrence of dolomite 
in oil shale is difficult to explain if dolomite is a 
precipitate from the water column, since protodolomite 
++ ++ . 
has only been reported to form at Mg /Ca ratios from 12 
to 22.5 (Eugster and Surdam, 1973 ). The highest estimates 
of Mg++/Ca++ in streams feeding Lake Gosiute are around 1 . 6 
(Wolfbauer and Surdam, 1973), so for protodolomite to 
precipitate from the water column, calcite and aragonite 
would have to precipitate first until the Mg++/Ca++ was 
at least 12 . This would mean that every dolomite lamina 
begin with calcite , pass through aragonite, and end with 
6 
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dolomite. Since that is not the case (except on a larger 
scale in oil shale sequences (Buchheim, 1978) the dolomite 
must have been detrital. Eugster and Surdam (1973) con -
eluded that dolomite must have formed on fringing carbonate 
mudflats, where calcite and aragonite precipitated from 
ground waters that were concentrated by capillary draw 
and evaporative pumping as they moved toward the basin 
center. Dolomite was precipitated basinward as the Mg++/Ca++ 
ratio increased beyond 12. The brine thus produced would 
eventually reach the playa-lake and precipitate trona 
during periods of intense evaporation . Trana precipitation 
itself, associated with dolomite partings and dolomitic 
oil shale, is another feature of the Green River Formation 
which is problematic for the stratified -lake model, but 
fits very comfortably in the playa - lake model (Eugster 
and Surdam, 1973). 
There has been reluctance on the part of many workers 
to accept the playa-lake model. Desborough (1978) argued 
++ ++ . 
that the Mg /Ca issue was a problem only because biogenic 
factors were not taken into adequate account . He used 
Gebelein and Hoffman's (1973) work on the blue-green 
++ alga Schizothrix calcicola to show that Mg could be 
assimilated by blue-green algae perferentially over Ca++ re -
sulting in ratios between 15 and 30 . This concent rated Mg 
would then be released in the sediment as the organic 
detritus decays , causing the dolomitization of calcite 
and low - Mg calcite . Thus in Desborough ' s opinion, the 
most important problem cited by Eugster and Surdam in 
their reinterpretation of the Green River Formation does 
not require an alternate model; dolomite simply formed 
from the biogenic - chemical diagenesis of precipitated 
calcite . It seems unlikely that this mechanism is quant -
itatively adequate for the conve r sio n of calcite to dolo -
mite observed in the Green River Formation because Mg 
is a trace element in algae, and not volumetrically 
important . It also fails to explain the common occurrence 
of calcite and dolomite together in the same laminae, 
as well as the fact that the kerogen - rich oil shale in 
the Laney Member of the Green River Formation is calcitic 
rather than dolomitic (Surdam and Stanley, 1979). 
Several other writers have argued in favor of the 
stratified-lake model . Johnson (1978) tried to show, 
using stratigraphic thicknesses, that Lake Uinta (a sister 
lake of Gosiute) was too deep (300 m) to be a playa lake . 
Smith (1974) developed a geochemical model to account 
for the important features of Green River Formation oil 
shale . Much of his model, however, is highly theoretical 
and lacks evidence . 
Boyer (1 982 ) found the similarities between Green 
River Formati o n laminites and those deposited in modern 
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meromictic lakes (e.g . alternation of organic-rich with 
organic - poor micrite, concentration of silicate debris 
in organic laminae, absence of in situ benthonic borrowers, 
etc . ) to be strong evidence in favor of at least seasonal 
stratification of the lake. In raising the issue of 
similarities with modern lakes, Boyer touched on another 
of the problems cited by Eugster and Surdam (1973) in 
their reinterpretation of the Green River Formation . 
They pointed out that in terms of dolomite occurrence, 
the closest modern analogues to Lake Gosiute are Deep 
Springs Lake in California, Coorong ephemeral lakes in 
Australia, and lake Balaton in Hungary . Protodolomite 
is now forming in each of these examples (Wolfbauer and 
Surdam, 1973), but there is no modern lake in which calcite 
and dolomite are forming together with organic-rich couplet 
laminae in evaporative sequences . That there is not 
a good modern analogue for Lake Gosiute is one of the 
reasons given by Eugster and Surdam (1973) for rejecting 
the stratified-lake model. 
Yet another reason for rejecting the stratified - lake 
model is the evidence of subaerial exposure observed 
in close association with oil shale. Salt casts, desic-
catio n cracks, and excellent preservation of microorganisms 
indicating partial drying and heat fixation suggest that 
the organic - car b o nate ooze was exposed to air and sun 
(Bradley , 1973) . 
9 
No one has directly addressed the problem of why 
fossil fish and laminated sediments deposited in near-
shore environments would be well preserved. In a typical 
stratified lake, the near-shore environment would be 
ab o ve the anaerobi c hypolimnion and would be expected 
t o support a burrowing benthos that would make preservation 
o f fossils and laminae very problematic. This paper 
will describe evidence supporting the hypothesis that 
rapid deposition, controlled by the periodic influx of 
s edimentary material, c an best explain f ossilifero us 
laminated sediments common to th e near-shore facies. 
10 
METHODS 
Outcrops of the Laney Member of the Green River For -
mation occur along the shores of Fontenelle Reservoir 
(T. 26 N. , R. 113 W.), Sublette County, Wyoming ( Fig. 1) . 
Two major stratigraphic sections were measured at Local -
ities 1 and 2 . A major stromatolite unit, traceable 
throughout the area, served as a correlating unit between 
the two l ocalities . A smaller section was measured at 
Locality 3 to document lateral facies changes . 
Sixty -three samples were collected, mostly from the 
laminated units in Section 1 . These samples were slabbed 
and analyzed by powder x-ray diffraction . Fourteen thin 
sections were prepared by Rudolph von Huene laboratories 
in Pasadena, California, stained for feldspar, calcite 
and dolomite, examined and photographed with a Zeiss 
petrographic microscope under plane-polarized light. 
11 
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Figure 1. Location map of study area. Numbers represent 




































R 113 W R 112 W R 111 W R 110 W R 1011 W 
~ 
LOCATION MAP 
10 15 20 25 30 KILOMETERS 
5 10 15 MILES 
RESULTS 
Five major lithotypes occur and interfinger with 
one another within the study area around Fontenelle Res-
ervoir (Fig. 2,3): 1) calcareous sandstone, 2) siltstone, 
3) massive calcimicrite (carbonate mudstone), 4) algal 
stromatolites (domal and laminar), and 5) laminated dolo-
mitic siliceous shale. Though these lithotypes repeat 
and interfinger throughout the sequence, there is a sym-
metry in the sequence. Sandstones and siltstones dominate 
the lower half, with a stromatolite unit near the top 
of the beds. The laminite unit occurs in the middle 
of the Laney Member and is overlain with more sandstones 
and siltstones that contain interbedded mudstones and 
another stromatolite unit. 
cap the sequence. 
Pleistocene terrace gravels 
Sandstone and Siltstone Lithotypes 
Sandstone and siltstone beds 1-11 meters thick alter-
nate and in some localities are intercalated with mudstone. 
The sandstone beds are variously colored grey, tan, buff, 
brown and yellowish-brown . Sandstones lower in the section 
("lower sandstones " ) are quartz-rich, with angular grains 
of calcite; sandstones higher in the section ( " upper 
sandstones " ) are arkosic and coarse-grained. In the 
upper sandstone (Fig . 2) there is a coarsing upward 
1 4 
1 5 
Figure 2. Composite stratigraphic section. The lower 0-51 
meters were measured at Locality 2 and the upper 
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Figure 3. Stratigraphic section at Locality 3. 
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D Carbonate Mudstone 
~ ~ Siliceous Shale 
~ Stromatolite 
o< Fish 
trend in grain size . In the lower sandstones, a fining 
upward trend is seen in some beds . Sandstones of the 
lower unit are fine to medium grained, poorly sorted, 
and subangular . All sandstones are cemented with calcite . 
Ripple cross-bedding is prevalent in the thinner 
beds of sandstone and the upper part of thicker beds. 
Trough cross-bedding in thicker beds is common, as well 
as micrite flat - pebble conglomerates, or rip - ups, toward 
the base of thicker beds where they overlie carbonate 
mudstone units. The clasts are variable in size (up 
to 2 meters in length) and flat lying or imbricated along 
foreset planes (Figs . 4,5). 
The thick sandstones above the shale units form mega-
load structures that deform the underlying shales in 
exposures along the eastern shore of Fontenelle Reservoir. 
Load casts, slump folds and disrupted laminae are assoc -
iated with the def o rmed sandstones and shales (Fig . 6) . 
Siltstones are brown, tan, and buff, coarse to fine 
grained, quartz-rich, calcareous, and unfossiliferous. 
They commonly form thin, platy, lentic ular beds with 
ripple profiles. 
Massive Micrite Lithotype 
Micrite units are not present at localities 1 or 
2 , but are present at locality 3 (Fig. 3) , along Fon-
19 
20 
Figure 4. Sandstone bed with calcimicrite rip-up 
clasts imbricated along bedding planes. 




Figure 5. Sandstone bed with angular calimicrite 
rip-up clasts oriented along bedding 




Fi g ure 7. 
Disruption of laminite unit (Rainbow 
Shale) by large-scale foundering of 
overlying massive sandstone unit. 
Mud cracks in dolomicrite. Note over-
lying algal laminar stromatolite. 
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tenelle Creek Road, where they occur as white, massive, 
ostracode -bearing, 1-meter thick calcimicrite units that 
are interbedded with thick sandstone beds. The rip-up 
clasts described above and pictured in Figures 4 and 5 
26 
are found just ·above erosional contacts with these micritic 
beds . In beds near the stromatolite units, these micrites 
are predominantly dolomitic and mud-cracked, (Fig. 7) and 
contain thin, ostracode-rich horizons interspersed throughout. 
Stromatolite Lithotype 
Within the lower elastic sequence, a 1-1.5 meter 
thick stromatolite unit occurs at varying stratigraphic 
horizons according to location (Figs. Sa,9) . In the 
F o ntenelle Creek Road exposures, the stromatolite unit 
ca ps the sandstone-siltstone sequence. Elsewhere, and 
more commonly, the stromat o lite is found 5 - 9 meters below 
the top o f the sequence and is associated with thin-
to thickly-bedded mud-cracked dolomicrite. 
The s tr o ma tolites occur as tw o types; d o mal and laminar . 
The domal type is ba sa l, and up to 1 met e r in thickness. 
Domes a r e 20 - 30 c m in diameter (Fig . Sb) wi th p o r o us 
tufa - e n crusted logs and pebbles f o rming their nucleus 
at the base (Fig . 11) . Laminar stromatolites ( Fig s . 
lOa , b) are separated from the domal stromatolite unit 
by a 10 - 2 0 c m thick , mud cracked dolomicrite (Fig . 12) . 
Os tra co d e b e ds ar e co mm o n in th i s s equenc e . 
27 
Figure 8a. Thick domal stromatolite with tufa-
encrusted logs and stems at the base. 
28 
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Figure 8b. Domal structures in algal stromatolite. 




Figure 9. Stratigraphic section of the lower 
stromatolite sequence. 
LOW'ER STROMATOLITE SEQUENCE 
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§ Algal - mat Stromatol i te 







Algal laminar stromatolite overlying mud-
cracked dolomicrite. 





Underside of lower stromatolite unit. 
Note encrusted log near rock hammer. 
Laminar stromatolite beds with calcimicrite 
and mud-cracked dolomicrite interbeds. 
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The stromatolite unit (upper stromatolite) occurring 
in the upper elastic sequence is quite different from 
the units just described . It is thin, gene r ally less 
than 10 cm. It consists almost entirely of brown - grey 
sparry-calcite laminar encrustations of small woody plant 
fragments . Thin laminae in these units are dolomitic, 
as revealed by staining with potassium ferrocyanide solu -
ti on. Both the upper and lower stromatolite units are 
persistent throughout the study area . 
Siliceous Shale Lithotype 
The siliceous, dolomitic laminites occur as two units, 
(Figs. 13,14) upper and lower, and are distinguished 
by lamination style and color. The lower unit makes 
up 2 meters of the 3-meter sequence, is br own-grey, and 
finely laminated. Light and dark laminae alternate and 
have sharp interlaminar contacts (Fig. 15). In thin 
section, these lower laminites have sublaminar occurrences 
of g rey, cloudy microcrystalline quartz associated with 
dark laminae (Fig. 16). Average thickness is approx-
imately 0.3 mm f o r each couplet. 
The upper 1 meter of shale, called the "Rainbow Shale", 
is buff to yellow, with laminae couplets that average 
1 .1 mm in thickness. The co ntacts between dark laminae 
and overlying light laminae are usually sharp ( Fig. 17) 
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Figure 13. Outcrop of siliceous shale units at Locality 1 .. 
Upper (Rainbow) shale unit is yellow to buff; 
lower shale is grey-brown. 
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Figure 15. Close-up of Rainbow Shale laminae, showing 
light and dark (varve-like) alternation of 





Sublaminar microcrystalline silica, associated 
with organic laminae of a lower shale unit. 
Scale 1 inch = .2 mm 
Typical sharp interlaminar contact between 
organic-poor and organic -ri ch laminae in 
Rainbow Shale. Up is toward the left. 
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but it is common to find gradationa l contacts between 
dark laminae and underlying light laminae (Fig . 18) . 
There are no occurrences in these laminae of the cloudy 
microcrystalline quartz seen in the lower laminites . 
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The quartz and feldspar of these upper units is microcrys -
talline except for an occasional sand - sized grain of quartz. 
The mineralogy of the laminites as determined by 
x - ray diffraction is shown in Fig . 19. Mineral propor -
tions were calculated from relative peak heights, a semi -
quantitative method, but it does indicate relative quantities . 
Silicates dominate these laminites and dolomite is the 
prevalent carbonate, although its percentage fluctuates 
throughout the sequence. One notable trend is the decrease 
of dolomite upward through unit 21, the Rainbow Shale . 
The organic portion of dark laminae in both units 
is yellow-brown and has a wispy to blotchy, resinous 
appearance in thin-section (Fig. 20,21,16). The dark, 
organic laminae do not always alternate with light laminae, 
but frequently are successively repetitive. As many 
as six dark laminae occur in succession without a light-
colored interval between them (Fig. 16). This departure 
from the normal rhythmic alternation is seen in both 
the upper and lower shales and results in anomalously 
thick, dark bands . The same variation in thickness can 
be o bserved in light colored laminae of the upper shale, 
but occ urs less frequently in the lower shale . 
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Figure 18. Gradational interlaminar contact between organic-
rich and underlying organic-poor laminae. 
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Figure 19. Mineralogy of siliceous shale sequences, as 
calculated from x-ray diffraction peak heights. 

















































Figure 20 . 
Figure 21. 
Photomicrograph of organic-rich lamina, 
Rainbow Shale. (xl60) 
Photomicrograph of organic-rich lamina, 
Rainbow Shale. (xl60) 
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An important feature of these shales is their low 
kerogen content. The light mineral laminae are entirely 
lacking in kerogen, and it is apparent in thin-section 
that even the dark laminae have very little material 
that is actually organic. Hand sample specimens lack 
petrolifer o us odor and have a much lighter fresh-surface 
color than typical Green River Formation oil shales. 
Estimated kerogen content of these shales is under 
2% . 
Near the top of the lower shale is an enigmatic 4 - 5 
cm bed of dolostone which weathers orange-tan and serves 
as an effective marker bed along the eastern shore of 
the reservoir. It is very resistant and is composed 
of nearly 80% crystalline dolomite. 
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Mud-cracked siltstone occurs at the base of the shales 
in Section 1, but other than the finely-laminated character 
of the shales, no other sedimentary macrostructures are 
present. The shales are fossiliferous, with excellent 
preservation of mass-mortality and single-fossil occ ur-
rences of Knightia (herring-type fish) (Fig. 2 2), ostra-
codes and Equisetum (horsetail). Both shale units are 
quarried in this area for commercially economic quantities 
of Knightia fossils. 
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Figure 2 2. Fossil Knightia (herring-type fish) from lower 
shale unit, average length 4 cm. 
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DISCUSSION 
Depositional Environments of Sandstone - Siltst on e Lithofacies 
Four lithotypes occu r in the sandstone - siltstone 
lithofacies : 1) sandstone, 2) siltstone, 3) massive 
micrite and 4) algal stromatolite . The sandstone -
siltstone lithofacies at Locality 3 along Fontenelle 
Creek Road contain several interbeds of massive calcimicrite. 
Sandstone beds overlay these calcimicrite or carbonate 
mud beds with erosional contacts. The sandstones have 
basal rip-up clasts of calcimicrite (Fig. 4) which suggest 
rapid deposition of sands across a carbonate mud - flat 
that was exposed during a regression of the lake . An 
increase in rain-fall and subsequent alluvial activity 
brought the fluvial - deltaic sands basinward and formed 
fluvial-plain deposits and delta complexes ( Elli ot , 1978) 
(Fig . 2 3). The repetition of this sequence suggests 
that a transgression of the lake followed the deposition 
of these fluvial-deltaic sands, a result o f the increased 
stream input. This transgression allowed deposition 
of more carbonate mud that was then exposed by the next 
regression, etc . Exposure of the mud is indicated by 
the fact that the rip-up clasts in the basal part of 
the overlyi ng sandstone units are large and angular; 
they were at least moderately lithified when the sands 
were deposited . 
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Figure 23 . Paleoenvironmental reconstruction of Lake Gosiute 
marginal facies during evaporative stage: 1 = mud-
cracked dolomicrite; 2 = flat pebble conglomerate; 
3 = stromatolite; 4 = disseminated saline minerals; 
5 = evaporation; 6 = carbonate mud flat, exposed 
by lake regression; 7 = alluvial fans; 8 = fluvial 
channel deposits, prograding basinward. (from 
Buchheim, 1978) 
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The stromatolite lithotype in the sandstone-siltstone 
lithofacies represents a shoreline lag deposit, as indi-
cated by the tufa-encrustated logs and pebbles at the 
base of the unit, and the ostracodal horizons that occur 
frequently in the sequence (Fig. 9). Surdam and Stanley 
(1979) described deltaic-shoreline facies as the most 
common facies in the Laney Member o f the Bridger Basin. 
In Section 2, the sandstone-siltstone lithofacies 
has very few calcimicrite interbeds and is interpreted 
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as a deltaic sequence, except for the shoreline stromatolite 
facies . Sandstone beds above the shale are also a 
delta facies . At one locality near Section 1, massive 
sandstone has foundered into the shal es , perhaps the 
result of liquefaction of unlithified delta ic sediments 
during an e arthquake or rapid loading (Surdam and 
Sta n le y, 1975). The stromatolite bed in the upper sand-
stone-siltstone sequence is also a shoreline lag deposit 
as evide nced by abundant woody plant fragments. 
Depositional Env i r o nments of Siliceous Shale Lithofacies 
The mineralogy of the shale was described above and 
graphed in Fig. 19. It pr o vides many important insights 
into the depositio nal e nvir on ment of these shales . Quartz 
in both shale units is micritic and its presence is con -
sistent with other reports of dominant quartz conte nt 
in tuffaceous mineral assemblages ( Goodwin and Surdam , 1967). 
The sublaminar microcrystalline silica of the lower unit 
(Fig. 16) associated with organic-rich laminae may rep-
resent a silica precipitate from silica-saturated inter-
stitial water. Smith (1975) proposed a geochemical model 
for the authigenic origin of oil shale minerals in which 
silica-saturated water of approximately pH 11 would pre-
cipitate silica if the pH drops to at least 9 when decay-
ing organic matter produces humic acid in the interstitial 
water. Surdam and Eugster (1969) discussed a similar 
microcrystalline silica precipitation occurring during 
mixing of silica-rich and fresh inflow water and silica 
satu rated alkaline-saline lake water. 
Potassium feldspar and analcime in the laminae are 
microcrystalline. They are considered to be authigenic 
minerals, forming from the alterati on of zeolites (Shep-
pard and Gude, 1969). Zeolites are produced by the reac-
tion of volcanic ash and alkaline-saline water. Several 
zeolites are known from the Green River Formation, par-
ticularly clinoptilolite and mordenite (Goodwin and Sur-
dam, 1967) . The significance of authigenic feldspar 
and analcime in these laminites is twofold . One, it 
indicates that the lake was moderately to highly saline-
alkaline (Sheppard and Gude, 1968; Hay, 1966; Goodwin 
and Surdam, 1967) and two, it emphasizes that the laminite 
minerals are largely detrital and volcanogenic and there -
f o re allochthonous. 
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Another indication of volcanic activity in the region 
is the intercalation of several thin (1-3 cm) analcimic 
tuffs in the shale sequence. Surdam and Parker (1972) 
report evidence that volcanic activity to the north of 
the Green River Basin, probably in the Absaroka Range, 
is the likely source area of these volcanogenic minerals 
and tuffs. 
Although dolomite is the major carbonate mineral 
in the shales, aragonite and calcite commonly occur with 
dolomite at many horizons in the sequence. (Fig. 19). 
Several workers have documented that dolomite and calcite 
do not precipitate from the same solution (Kelts 
and Hsu, 1979; Wo lfbauer and Surdam, 1974). The occ ur-
rence of the t wo minerals together therefore sugge sts 
that the ca lc i te has precipitated from the water and 
the dolomite has been transported in from fringing mud 
flats (Surdam and Stanley, 1969). Desborough's (1978) 
biogenic-chemical model would not account for in situ 
diagenesis of ca lcite to dolomite, since the shales have 
less than % kerogen and often more than 20% dolomite. 
Furthermore, the stratigraphic pr ox imity of dolomicrite 
beds to the shales (Fig . 3) suggests that ca rbonate mud 
flats in the region co uld serve as a sou r ce of detrital 
dolomicrite . 
The presence of aragonite in the shales indicates 
a saline depositional enviro nm ent (Reeves, 1968; Berner , 
6 1 
1975). This is consistent with the hypothesis that the 
lake was in a regressive, evaporative stage that was 
exposing the alkaline ground waters in the surrounding 
carbonate mud flats to evaporative concentration. 
Another characteristic of the near shore environment 
is that it is well oxygenated. Astephus (catfish) and 
Amyzon (hump-back suckers) have been reported by Grande 
(1978) from the near shore facies of the Laney Member. 
These bottom-dwelling fish would not occupy anoxic zones 
and it may be inferred from their presence that the near-
shore environment was oxygenated (Buchheim and Surdam, 
1978). Common ostracode horizons, Equisetum, and juvenile 
Knightia also suggest that these shales were deposited 
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in oxygenated water, too shallow to be chemically stratified 
(Buchheim and Surdam, 1981). 
One reason the shales have such a low kerogen content 
may be that depositional rates were high enough to sig-
nificantly dilute the algal constituents of the environ-
ment. Rapid depositional rates would be c onsistent with 
the volcanogenic origin of the sediments and could also 
contribute to protecting the near-shore laminae from 
a burrowing in-fauna, by restricting their food supply 
(C o hen, 1983). 
CONCLUSIONS 
The mineralogy, paleontology, and lithofacies assoc-
iations of the siliceous shales indicate that they were 
deposited in a shallow-water, near-shore, aerated, and 
moderately to highly saline environment. The lake was 
in a regressive, evaporative stage, suggesting a relatively 
arid climate with annual temperatures probably elevated 
somewhat above the average for Laney Member time (Surdam 
and Stanley, 1979). Algae flourished in the lake year 
around, but the absence of a burrowing in-fauna suggests 
that the environment was hostile to metazoans, either 
because of salinity, high rate of deposition, or other 
factors restricting food supply (Cohen, 1983). 
The preservation of Knightia fossils in shallow, 
oxygenated environment brings the question of depositional 
rates into sharp relief. If the deposition of couplet 
laminae was indeed an annual event, as held by the strat-
ified lake model, it is difficult to explain how fish 
remains could lie on the lake bottom undisturbed by aerobic 
bacteria for extended periods of time . Although it is 
true that o rganic-rich sediments can create a reducing 
zone immediately below the sediment-water interface of 
an o xygenated lake bottom environment, the low kerogen 
content of these shales would weigh against that possibil-
ity. Burial bel ow the zone of ox ygenati o n in this environ-
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ment could require years of deposition, according to 
the stratified-lake model. Furthermore, taphonomy ex-
periments (Dr. H. Paul Buchheim, Loma Linda University, 
personal communication) indicate that when catfish die, 
they typically sink to the bottom for a day or two, then 
rise to the surface where they decay and disarticulate 
before sinking again. All these factors combine to make 
fish preservation a highly improbable event in the strati-
fied-lake model. 
In the playa-lake model, however, fish coming into 
the saline lake from fresh -water streams or during fresh-
water flooding, would be unable to survive the saline 
conditions . The fish would die, sink to the bottom and 
be buried in and by sediment transported by those streams 
or floods. Rapid deposition in this manner would be 
episodic and would punctuate the continual accumulation 
of organic debris and algal growth on the lake floor. 
Thus the playa-lake model is far mo re effective than 
the stratified-lake model in allowing for the important 
features of these siliceous shales. The alternation 
of mineral and organic laminae and the preservation of 
both laminae and fossil fish result from rapid, episodic 
sediment - influx that interrupts and buries orga ni c matter 
growing and accumulating on the shallow, near -sh ore lake 
bottom. Rapid sedimentation is consistent with the vol -
canogenic nature of the sediment mineralogy, the low 
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kerogen content, the lack of a benthonic macrofauna in 
the sh a les, and the exc e l l ent preservation of fossil 
fish . It is evident that rhythmic laminat i on has occurred 
in sediments that are largely detrital (allochthonous), 
and that while seasonal fluctuations of environmental 
parameters is undoubtedly a major factor in the total 
depositional history of these shales, it is unlikely 
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that each pair of laminae represent an annual deposition . 
Rather, it is suggested that each laminae couplet represents 
a depositional cycle , the mineral portion of which involves 
relatively rapid deposition . The organic laminae then 
form during depositional hiatuses, when algal material 
can grow and accumulate . Precipitated calcite may be 
deposited, slow deposition of microcrystalline terrigenous 
sediments can occur, and perhaps even the oxidation of 
minute quantities of iron and manganese could contribute 
to the coloration of the laminae . These are very tentative 
suggestions, and will require scanning electron microscope 
and microprobe analysis of the laminae to determine the 
precise relationships of the intralaminar mineral grains, 
before the depositional cycles involved can be more com -
pletely understood. 
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